Introduction
============

Lower extremity arteriosclerosis obliterans is a chronic occlusion of lower extremity arteries, mainly common iliac artery and superficial femoral artery, caused by atherosclerosis, with a main clinical manifestation of insufficient blood supply to lower extremities ([@b1-etm-0-0-7476],[@b2-etm-0-0-7476]). One of its main risk factors is age, and the incidence increases with age. Its incidence in people over 60 years can reach 20%. As the population ages and the dietary structure changes, lower extremity arteriosclerosis obliterans has become a worldwide public health problem ([@b3-etm-0-0-7476],[@b4-etm-0-0-7476]). Its prognosis is poor, especially in patients with intermittent claudication, rest pain, ulcer and gangrene, with higher 5-year mortality ([@b5-etm-0-0-7476],[@b6-etm-0-0-7476]). Therefore, it is very important to find suitable and effective treatment methods.

Surgery and interventional treatment can effectively improve arterial occlusion, but their long-term treatment effects remain unsatisfactory, especially for peripheral arterial lesion and polyplanar stenosis, and older patients are less tolerant to surgery and interventional treatment ([@b7-etm-0-0-7476],[@b8-etm-0-0-7476]). Drug treatment is a reasonable and feasible means. Drugs improving cell ischemia and energy metabolism, inhibiting platelet aggregation and improving microcirculation, such as trimetazidine, alprostadil and plasmin, have good efficacy ([@b9-etm-0-0-7476]--[@b11-etm-0-0-7476]). Alprostadil is a natural prostaglandin that inhibits platelet aggregation, promotes erythrocyte deformation and improves hemorheology ([@b12-etm-0-0-7476]). Trimetazidine, a piperazine derivative that can protect cell energy metabolism in ischemic conditions and ischemic cells, maintains the stability of the intracellular environment and improves the exercise tolerance of patients ([@b13-etm-0-0-7476]). As a proteolytic enzyme extracted from *Agkistrodon blomhoffii* ussurensis venom with monoclonal antibody purification technology, plasmin can directly dissolve the thrombogenic fibrin without causing excessive fibrinolysis, having excellent antithrombotic function ([@b14-etm-0-0-7476]). However, there are few comparative studies on the efficacy of trimetazidine, alprostadil and plasmin in lower extremity arteriosclerosis obliterans.

In this study, the medical records of 132 patients with lower extremity arteriosclerosis obliterans were retrospectively analyzed, and the efficacy of trimetazidine and plasmin combined with alprostadil in lower extremity arteriosclerosis obliterans was compared, in order to clinically provide reference for the drug use in the treatment of lower extremity arteriosclerosis obliterans.

Patients and methods
====================

### Study object

A retrospective analysis was performed on the medical records of 132 patients with lower extremity arteriosclerosis obliterans treated in Yantai Yuhuangding Hospital (Yantai, China) from March 2015 to August 2017. Among them, 68 patients were treated with trimetazidine combined with alprostadil (group A), 64 patients treated with plasmin combined with alprostadil (group B). The patients were in compliance with the 2015 edition of guidelines for the diagnosis and treatment of lower extremity arteriosclerosis obliterans, with obvious clinical features of lower extremity arteriosclerosis obliterans and left ankle brachial index ≤0.9, and aged 40--75 years. None of the patients had autoimmune disease, severe inflammatory reaction or other parts of arteriovenous occlusion, and they had complete records. Patients with severe angina pectoris, diabetes mellitus, recurrent infection, cerebrovascular disease and peptic ulcer were excluded, as were patients with anticoagulant drugs; patients with heart failure, kidney or liver diseases; patients who had been treated with depressurization and other methods with treatment drugs affecting vascular function and coagulation mechanism.

The study was approved by the Ethics Committee of Yantai Yuhuangding Hospital. Patients or their families signed an informed consent form.

### Treatment methods

All 132 patients were routinely treated, followed a controlled diet, no smoking and drinking, controlled blood lipid and blood pressure, stabilized atherosclerotic plaque, actively controlled platelet aggregation, anti-infective treatment and rehabilitation training. Patients in group A were treated with trimetazidine in combination with alprostadil, patients in group B were treated with plasmin in combination with alprostadil on this basis. The dose of alprostadil was 10 µg + 100 ml of saline, intravenously dripped after being mixed evenly, once a day. The dose of trimetazidine was 30 mg orally, 3 times a day. The dose of plasmin was 100 units + 250 ml of saline, infused once a day. The treatments were a course followed over 14 days, for a total of 2 consecutive courses of treatment.

### Observation indicators

Subsequent to the 2 courses of treatment the two groups of patients were observed with regard to therapeutic effects, changes in blood flow perfusion indicators (vascular peak velocity and blood flow, DCU12 full digital color Doppler ultrasound diagnostic apparatus, Xuzhou Kaixin Electronic Equipment Co., Ltd., Xuzhou, China) of the superficial femoral artery, posterior tibial artery and dorsalis pedis artery, in endothelial function (fasting blood collected by nurses in the morning and detected in the laboratory medicine of Yantai Yuhuangding Hospital), in left ankle brachial index \[PeriFlux 5000 laser Doppler flowmeter; Swedish Parry Medicine (China) Co., Beijing, China\], in pain-free walking distance, and in maximum walking distance.

### Efficacy evaluation criteria

Evaluation criteria were as follows: Recovery: Symptoms disappeared, and dorsal blood flow, skin color, skin temperature and dorsal arterial pulse returned to normal. The maximum walking distance increased by \>100%, and the left ankle brachial index was between 0.9 and 1.3. Markedly effective: Conscious symptoms, skin color, skin temperature and dorsal artery pulse were improved significantly. Pain-free and maximum walking distance increased by \>90%, but ≤100%. The left ankle brachial index was ≥0.9, and the blood flow of dorsalis pedis artery increased by \>80%. Effective: Conscious symptoms, skin color, skin temperature and dorsal artery pulse were improved better than those before treatment. Pain-free and maximum walking distance increased by 50--89%. Left ankle brachial index increased by 0.2--0.3, and blood flow increased by \>50%. Non-effective: Conscious symptoms, skin color, skin temperature and dorsal artery pulse was not improved compared to those before treatment. Pain-free and maximum walking distance increased by ≤50%, and no change in left ankle brachial index. The total effective rate was calculated as: recovery + markedly effective + effective.

### Statistical analysis

SPSS19.0 (AsiaAnalytics Formerly SPSS China, Shanghai, China) was used. Enumeration data were expressed as \[n (%)\], and χ^2^ test was used for the comparison of ratio. Measurement data were expressed as mean ± SD, and t-test was used for comparison between the two groups. ANOVA and LSD post hoc test for repeated measurement were used for comparison at different times in the group. P\<0.05 indicated the difference was statistically significant.

Results
=======

### General data

There were 68 patients in group A, including 42 male patients and 26 female patients, aged (62.45±9.26) years, and 64 patients in group B, including 41 male patients and 23 female patients, aged (63.33±9.17) years. There were no statistically significant differences in sex and age between the two groups of patients (P\>0.05), and in other basic data such as BMI, smoking history, proportion of hypertension patients, proportion of diabetes mellitus patients, platelet count, activated partial thromboplastin time, D-dimer and bleeding time (P\>0.05) ([Table I](#tI-etm-0-0-7476){ref-type="table"}).

### Efficacy analysis

The results of the efficacy analysis of the two groups of patients after 2 courses of treatment showed that there were no statistically significant differences in recovery rate, markedly effective rate, effective rate, non-effective rate and total effective rate between the two groups of patients (P\>0.05) ([Table II](#tII-etm-0-0-7476){ref-type="table"}).

### Changes in blood flow perfusion indicators

Before treatment, there were no statistically significant differences in the vascular peak velocity and blood flow of the superficial femoral artery, posterior tibial artery and dorsalis pedis artery between the two groups (P\>0.05). After treatment, the vascular peak velocity in group B was lower than that in group A (P\<0.05), but the blood flow was higher than that in group A (P\<0.05). The vascular peak velocity and blood flow were improved in the two groups. The vascular peak velocity of those after treatment was lower than that before treatment of patients in the two groups (P\<0.05), but the blood flow was higher than that before treatment (P\<0.05) ([Tables III](#tIII-etm-0-0-7476){ref-type="table"} and [IV](#tIV-etm-0-0-7476){ref-type="table"}).

### Changes in endothelial function

There were no statistically significant differences in endothelial esterase, high-sensitivity C-reactive protein, nitric oxide and circulating endothelial cell count levels between the two groups before and after treatment (P\>0.05). After treatment, the levels were improved in the two groups. Endothelial esterase, high-sensitivity C-reactive protein and circulating endothelial cell count levels after treatment were lower than those before treatment (P\<0.05), but nitric oxide level was higher than that before treatment (P\<0.05) ([Table V](#tV-etm-0-0-7476){ref-type="table"}).

### Changes in left ankle brachial index

There was no statistically significant difference in left ankle brachial index between the two groups of patients before treatment (P\>0.05). After treatment, the left ankle brachial index was lower in group A than that in group B (P\<0.05), and was improved in the two groups. The index was higher after treatment than that before treatment in the two groups (P\<0.05) ([Fig. 1](#f1-etm-0-0-7476){ref-type="fig"}).

### Changes in pain-free and maximum walking distance change

There were no statistically significant differences in pain-free walking distance between the two groups before and after treatment (P\>0.05), and in maximum walking distance before treatment (P\>0.05). After treatment, the maximum walking distance was significantly higher in group A than that in group B (P\<0.05). After treatment, the pain-free walking distance and maximum walking distance of the two groups of patients were improved and were higher than those before treatment (P\<0.05) ([Table VI](#tVI-etm-0-0-7476){ref-type="table"}).

Discussion
==========

Lower extremity arteriosclerosis obliterans is a very common systemic peripheral vascular disease in clinical practice. The formation of atherosclerotic plaque causes different degrees of stenosis in the arterial tube of patients and even complete occlusion, blocking blood flow and leading to limb ischemic injury, so the condition of lower extremity arteriosclerosis obliteration is complicated, with high disability rate and mortality ([@b15-etm-0-0-7476],[@b16-etm-0-0-7476]). Many studies have reported that trimetazidine or plasmin in combination with alprostadil has better efficacy in the treatment of arteriosclerosis obliterans ([@b17-etm-0-0-7476],[@b18-etm-0-0-7476]). However, there are few comparative studies on the efficacy of trimetazidine and plasmin in combination with alprostadil. In this study, the efficacy of trimetazidine and plasmin in combination with alprostadil was analyzed, and differences in the efficacy of the two methods were explored, in order to provide reference for clinical treatment.

In the study, the medical records of 132 patients with lower extremity arteriosclerosis obliterans were selected in strict accordance with inclusion and exclusion criteria. There was no statistically significant difference in the general data of patients between the two groups. Their data are comparable in this study, and the results have a certain degree of credibility. The results of the efficacy analysis of the two groups of patients showed that there were no significant differences in the recovery rate, markedly effective rate, effective rate, non-effective rate and total effective rate between the two groups, suggesting that the two treatments have similar efficacy. Then, changes in blood flow perfusion-related indicators were further analyzed in the two groups. It was found that the degree of improvement of the vascular peak velocity and blood flow of the superficial femoral artery, posterior tibial artery and dorsalis pedis artery, and the left ankle brachial index of patients in B group was better than that in group A. The results of the pain-free and maximum walking distance analysis of the two groups showed that the maximum walking distance after treatment in group A was higher than that in group B, but there was no difference in pain-free walking distance and in the comparison results of endothelial function between the two groups after treatment in this study.

At present, there are few studies on the efficacy of trimetazidine or plasmin in combination with alprostadil in the treatment of lower extremity arteriosclerosis obliterans worldwide. Therefore, there is still uncertainty in the efficacy comparison between the two treatments in this study. It is hoped that this study will promote more scholars to participate in the analysis of the efficacy of trimetazidine and plasmin combined with alprostadil in lower extremity arteriosclerosis obliterans, providing better reference for clinical treatment. The mechanisms of action of trimetazidine, alprostadil and plasmin in the treatment of lower extremity arteriosclerosis obliterans are not the same ([@b12-etm-0-0-7476]--[@b14-etm-0-0-7476]). It can be seen from the results that both treatments can improve blood flow perfusion in patients, which may be caused by alprostadil promoting fibrinolysis. In some studies of vascular diseases, it can improve tissue plasminogen activator and its inhibitor levels, promoting fibrinolysis, and alprostadil also has vasodilation effects ([@b19-etm-0-0-7476],[@b20-etm-0-0-7476]); thus, blood flow perfusion indicators in group A are improved compared to those before treatment. However, there are few reports on the pro-fibrinolytic effect of trimetazidine. The pro-fibrinolytic effect of plasmin is obvious, and can effectively clear blocked blood vessels, so blood flow perfusion indicators in group B of patients are better than those in group A. This may also be the reason for the left ankle brachial index in group B being better than that in group A. The effect of trimetazidine on improving cell energy metabolism has been recognized, so this may be the main reason why patients in group A have longer maximum walking distance after treatment than patients in group B. Although plasmin can dissolve thrombus and improve blood flow perfusion, this improvement may not be as obvious as that of trimetazidine due to the duration of treatment ([@b21-etm-0-0-7476]). This is the shortcoming of this study, i.e., that only the short-term efficacy was evaluated. Further follow-up reports are to be performed to analyze the long-term efficacy of the two treatments. Differences in pain-free walking distance and endothelial function-related indicators between the two groups after treatment were not found. Both treatments are effective in improving symptoms, but neither trimetazidine nor plasmin has any analgesic effect. This may be the reason why there is no difference in pain-free walking distance between the two groups of patients after treatment. Trimetazidine has been reported to be able to improve endothelial function ([@b22-etm-0-0-7476]), and plasmin also to be able to promote endothelial progenitor cell production, repair vascular damage and improve endothelial function ([@b23-etm-0-0-7476]). The results of the current study showed that the degree of improvement of the two drugs in endothelial function was similar, but all the results had not been verified. Therefore, it is hoped that this study will promote more scholars to participate in the analysis of the efficacy of trimetazidine and plasmin combined with alprostadil in lower extremity arteriosclerosis obliterans, to validate our results and provide better reference for clinical treatment.

In conclusion, both trimetazidine and plasmin combined with alprostadil can effectively treat lower extremity arteriosclerosis obliterans. The former is better than the latter in improving exercise capacity, but the latter is better than the former in improving blood flow perfusion in patients.
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###### 

General data.

  Item                                          Group A (n=68)   Group B (n=64)   χ^2^/t   P-value
  --------------------------------------------- ---------------- ---------------- -------- ---------
  Sex \[n (%)\]                                                                   0.075    0.785
    Male                                          42 (61.76)       41 (64.06)              
    Female                                        26 (38.24)       23 (35.94)              
  Age (years)                                     62.45±9.26       63.33±9.17     0.548    0.585
  BMI (kg/m^2^)                                   25.41±4.15       26.18±4.23     1.055    0.293
  Smoking history \[n (%)\]                                                       0.065    0.799
    Yes                                           45 (66.18)       41 (64.06)              
    No                                            23 (33.82)       23 (35.94)              
  Hypertension \[n (%)\]                                                          0.068    0.795
    Yes                                           41 (60.29)       40 (62.50)              
    No                                            27 (39.71)       24 (37.50)              
  Diabetes mellitus \[n (%)\]                                                     0.531    0.466
    Yes                                           22 (32.35)       17 (26.56)              
    No                                            46 (67.65)       47 (73.44)              
  Platelet count (×10^9^/l)                     221.45±61.53     219.68±62.56     0.164    0.870
  Activated partial thromboplastin time (sec)     29.18±2.14       28.94±2.31     0.620    0.537
  D-dimer (µg/l)                                362.44±128.17    359.18±124.62    0.148    0.883
  Bleeding time (min)                             6.38±1.06        6.71±1.14      1.723    0.087

###### 

Efficacy analysis of the two groups of patients after two courses of treatment \[n (%)\].

  Criteria               Group A (n=68)   Group B (n=64)   χ^2^    P-value
  ---------------------- ---------------- ---------------- ------- ---------
  Recovery               15 (22.06)       11 (17.19)       0.498   0.482
  Markedly effective     32 (47.06)       33 (51.56)       0.268   0.605
  Effective              18 (26.47)       15 (23.44)       0.162   0.688
  Non-effective            3 (4.41)         5 (7.81)       0.670   0.413
  Total effective rate   65 (95.59)       59 (92.19)       0.670   0.413

###### 

Changes in vascular peak velocity of patients in two groups before and after treatment (m/sec).

  Artery                       Group A (n=68)   Group B (n=64)   t       P-value
  ---------------------------- ---------------- ---------------- ------- ---------
  Superficial femoral artery                                             
    Before treatment           1.54±0.33        1.56±0.34        0.342   0.732
    After treatment            1.24±0.21        1.32±0.19        2.290   0.024
  Posterior tibial artery                                                
    Before treatment           1.35±0.22        1.34±0.23        0.255   0.799
    After treatment            1.13±0.14        1.19±0.15        2.377   0.019
  Dorsalis pedis artery                                                  
    Before treatment           1.01±0.15        1.00±0.14        0.395   0.693
    After treatment            0.78±0.08        0.81±0.09        2.027   0.045

###### 

Changes in blood flow of patients in the two groups before and after treatment (ml/min).

  Artery                       Group A (n=68)   Group B (n=64)   t       P-value
  ---------------------------- ---------------- ---------------- ------- ---------
  Superficial femoral artery                                             
    Before treatment           364.73±93.56     368.45±92.88     0.231   0.818
    After treatment            386.18±101.24    425.66±102.17    2.229   0.028
  Posterior tibial artery                                                
    Before treatment           365.89±96.54     358.77±94.43     0.428   0.669
    After treatment            398.18±105.46    431.15±103.74    2.303   0.023
  Dorsalis pedis artery                                                  
    Before treatment             22.46±8.17       21.59±7.92     0.621   0.536
    After treatment              28.03±10.58      32.25±11.02    2.245   0.027

###### 

Changes in endothelial function of patients in the two groups before and after treatment.

                                               Group A (n=68)   Group B (n=64)   t       P-value
  -------------------------------------------- ---------------- ---------------- ------- ---------
  Endothelial esterase (ng/l)                                                            
    Before treatment                           71.62±7.25       72.33±7.46       0.555   0.580
    After treatment                            62.59±6.24       63.78±6.51       1.072   0.286
  High-sensitivity C-reactive protein (mg/l)                                             
    Before treatment                             3.25±1.26        3.33±1.21      0.372   0.711
    After treatment                              2.28±1.13        2.19±1.06      0.471   0.638
  Nitric oxide (µmol/l)                                                                  
    Before treatment                           50.72±5.25       52.13±5.18       1.552   0.123
    After treatment                            59.64±5.85       60.77±6.12       1.085   0.280
  Circulating endothelial cell count                                                     
    Before treatment                             7.82±3.06        7.76±3.12      0.111   0.911
    After treatment                              4.25±1.58        4.17±1.46      0.302   0.763

###### 

Changes in pain-free and maximum walking distance of patients in two groups before and after treatment.

                                   Group A (n=68)    Group B (n=64)    t       P-value
  -------------------------------- ----------------- ----------------- ------- ---------
  Pain-free walking distance (m)                                               
    Before treatment                 145.67±21.26      147.62±22.37    0.514   0.609
    After treatment                  448.59±93.34      471.63±94.11    1.412   0.160
  Maximum walking distance (m)                                                 
    Before treatment                 953.65±348.27     962.49±351.64   0.145   0.885
    After treatment                1,347.63±321.48   1,223.65±268.72   2.396   0.018
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